distributary channel sand bodies are continuous into the western source area and lack seal conditions. Lenticular lithologic traps are therefore found only along the outer edges of delta lobes and the adjacent shallow lacustrine environments.
INTRODUCTION
Some basins develop uniform gentle dips in marginal areas of the basin, which range from 1°to 5°. These uniform gently dipping areas feature simple stratal over-lap and relatively little fault development (Thorne and Swift, 1991) . Lowstand systems tracts, which commonly correlate with stratigraphic-lithologic trap distributions, can be hard to identify in this structural setting (Haner and Gorsline, 1978; Vail et al., 1991; Jan et al., 1995; Booth et al., 2002; Mitchum et al., 2002; Zhao et al., 2011) . The lack of faulting in this area makes identifying hydrocarbon traps a significant analytical challenge (Prather, 2003; Allan et al., 2006; Slatt, 2007) .
The Songliao basin is a giant continental basin located in northeastern China. The western slope of the Songliao basin is a vast gently dipping area covering 2.5 · 10 4 km 2 (9653 mi 2 ) ( Figure 1 ). Several decades of petroleum exploration efforts have identified oil and gas fields in Upper Cretaceous units of the slope. The purpose of this paper is to present the hydrocarbon trap distribution and history of trap formation. We describe the slope's structural evolution, depositional history, reservoir architecture, and the oil and gas distribution patterns, and then, we analyze the interrelationships among these parameters. We emphasize (1) the sedimentary facies influence on the reservoir sand body type and distribution, (2) the effect of structural evolution on the spatial pattern of paleosedimentary bodies, and (3) the factor of sand bodies in the hydrocarbon trap formation. Besides clearly describing the hydrocarbon trap distribution pattern of the study area, we hope this study can provide a new perspective for the explorationist on uniform gently dipping areas and inform petroleum exploration strategies for comparable basins in other localities.
REGIONAL GEOLOGICAL SETTING Tectonostratigraphic Sequence
The Songliao basin formed in the Late Jurassic to Neogene. Its three tectonostratigraphic sequences, from bottom to top, consist of a rift sequence, a depression sequence, and an inversion structural sequence (Figure 1 ). The western slope area includes
The rift sequence formed during the Late Jurassic Kimmeridgian to the Cretaceous Aptian. During its rifting stage, the Songliao basin consisted of several isolated fault-bound depressions. Each of these depressions contained sedimentary fill of interbedded clastic and volcanic rocks assigned to the Huoshiling, Shahezi, Yingcheng, and Denglouku Formations.
During the Albian to the Santonian, the Songliao basin experienced postrift thermal subsidence. The initial fault-bound depressions connected and became a much larger basin. Strata from this stage cover a wider distribution than that of older units (Figure 1 ). In the western part of the basin, fluvial, deltaic, and lacustrine sedimentary assemblages accumulated with a combined thickness of 1000 m (3281 ft). The Qingshankou, Yaojia, and lowermost Nenjiang Formations formed a sedimentary cycle reflecting lacustrine basin shifts from deep to shallow and then from shallow to deep water depths ( Figure 2 ). The strata of this sedimentary cycle range in total thickness from 100 to 600 m (328 to 1969 ft) and have the highest likelihood of oilcharged reservoirs.
During the late Campanian, the Songliao basin entered an inversion structural stage. Episodic tectonism uplifted the basin and folded the strata. This phase deposited approximately 300 m (~984 ft) of sediments, including the Sifangtai and Mingshui Formations of Upper Cretaceous, Yian Formation of Paleogene, and Daan and Ankang Formation of Neogene along the western slope area.
Structural Features
The western slope is one of six major structural units found in the Songliao basin, adjacent to the eroded zone in the west and the central depression in the east. The study area lies in the northern sector of the western slope and covers an area of 6.4 · 10 3 km 2 (2471 mi 2 ) ( Figure 1) . A limited number of northnortheast-striking extensional faults occur within the study area (Figure 3 ). The Upper Cretaceous strata gradually thin in a westward direction, away from the basin's center, and dip at a low angle toward the basin center. Although some strata show signs of mild, localized deformation, the formation mostly reflects a gentle dip to the east (Figures 3, 4) .
Sedimentary History
During the Albian, the Songliao basin transitioned from the rifting to postrift thermal subsidence. During the depression stage the depositional basin exceeded that of the earlier rift stage. Areas along the western slope reflect alternating deltaic and lacustrine depositional environments (Gao and Cai, 1997; Xin and Wang, 2004; Du et al., 2005) . During the early Cenomanian, the Songliao basin was primarily a shallow to deep lake. The lowermost member of the Qingshankou Formation thus consists of widely distributed, dark mudstone. During the late Cenomanian to Turonian, the basin developed large-scale lacustrine deltaic environments. Some smaller-scale delta lobes extend into the study region along its western and northern margins ( Figure 5A ). The basin experienced a brief episode of uplift at the end of the Turonian (Xin and Wang, 2004; Feng et al., 2010a) . The lowermost member of the Yaojia Formation (K 2 y 1 ) is, therefore, absent from most western slope regions of the basin (Figure 4 ). Sedimentation during the late Coniacian and Santonian resembled that of the Turonian but occurred within more limited deltaic environments ( Figure 5B ). As the basin subsided, a lacustrine depositional environment developed during the early Campanian ( Figure 5C ). From the Cenomanian to early Campanian, the western slope depositional environment cycled from lacustrine to deltaic and then back to lacustrine.
DATA
Over the last 30 yr, two-dimensional (2-D) seismic surveys have been specifically conducted to investigate the structure and stratigraphy of the western slope area. The data set now includes greater than 1.1 · 10 4 km (6835 mi) of 2-D seismic lines covering the entire study area (Figure 3) . Regional 2-D seismic grids have a mesh density of 2 · 4 km (1.24 · 2.48 mi) in most areas and reach 1 · 2 km (0.62 · 1.24 mi) in some local areas. By 2012, approximately 190 exploratory wells had been drilled throughout the study area. Gamma-ray (GR), sonic, spontaneous potential (SP), resistivity (RT), and density logs were acquired in most of these wells. Cores or sidewall materials have been recovered from approximately 50 wells within Qingshankou, Yaojia, and Nenjiang Formations. These surveys have located numerous hydrocarbon reservoirs within the interval of interest shown in Figure 3 . The reservoirs occur primarily within four areas referred to as the Tangchi, Alaxin, Pingyang, and Dongtumo oil and gas fields and named after nearby cities (Figure 3 ).
This study is mainly based on well log, core, and hydrocarbon show data of 190 wells, as well as 1.1 · 10 4 km (6835 mi) of 2-D seismic lines. Synthesizing the well and 2-D seismic data allowed us to interpret paleogeomorphic features along the slope as the basin evolved through its structural evolution and regional tectonic events. Gamma ray, SP logs, and core provided specific constraints on lithofacies and electrofacies, which are the basis of our interpretation of sedimentary facies. The multiwell contrast analysis of stratigraphic and sedimentary facies characteristics defined the sedimentary system's spatial distribution. Based on sonic, density log, and 2-D seismic data, the constrained sparse spike inversion is used to obtain 5000 km (3107 mi) of acoustic impedance profile through Jason inversion software. The seismic inversion profiles can identify most thick sand bodies and sand body groups. The reservoir sand body description is based on sandstone statistical data and the acoustic impendence data from 190 wells. The hydrocarbon shows data are used to analyze the oil and gas distribution and discuss the formation and distribution of hydrocarbon reservoirs.
SLOPE STRUCTURAL EVOLUTION
The western slope area evolved throughout the entire structural depression and structural inversion phases of the Songliao basin. This process consisted of three substages: the initial subsidence stage, the steady subsidence stage, and the deformational stage.
Initial Subsidence Stage
During the Cretaceous Albian, the growing Songliao basin rapidly consumed the former rift basin as crustal subsidence began. The Quantou Formation deposited an extensive cover along the basin margin (Figures 4, 6, cross section I) (Yu et al., 2001; Du et al., 2005; Feng et al., 2010b) . During the Cenomanian and Turonian, the study area developed a gentle homoclinal paleoslope ( Figure 6 , cross section II). The Qingshankou Formation accumulated along lowangle slopes. At the end of the Turonian, the collision between the Pacific plate and Eurasian plate caused the compressive stress in the Songliao basin (Tang, 2015) . The strata in the western slope area were uplifted (Xin and Wang, 2004; Feng et al., 2010b; Song et al., 2010) . This tectonism precluded deposition or preservation of the lowermost member of the Yaojia Formation (K 2 y 1 ) in the western area.
Steady Subsidence Stage
Because of erosion of the Qingshankou Formation in marginal areas of the basin and subsequent deposition of the Yaojia Formation, the depositional gradient of the western slope area was further reduced during the second stage of its development ( Figure 6 , cross section III). Regional subsidence of the Songliao basin greatly enlarged the depositional area covered by the Nenjiang Formation. The lateral extent, thickness, and paucity of fault-related features within the lowermost two members of the Nenjiang Formation indicate low-relief conditions in the study area and the absence of localized deformation. Because of the Nenjiang Formation's lateral consistency and lack of evidence of localized tectonism, this period is referred to as the gradual development stage of the basin.
Uplift and Deformation Stage
During the late Campanian, the strong subduction of the Pacific plate to the Eurasian plate caused the compressive stress in Songliao basin again (Feng et al., 2010b; Tang, 2015) . The basin's slope angle steepened because of asymmetric uplift. The third and fourth members of the Nenjiang Formation record these episodes as basinward thickening (Figures 4, 6, cross section IV). The stratigraphic units analyzed in this study show a significant increase in their depositional dip by the end of the Campanian. However, strained tectonism deformed Cretaceous units and caused high-angle faulting. Gentle folds appear in strata deposited along the western slope area ( Figure  6 , cross section IV). From the Maastrichtian of the Cretaceous through Neogene, the Songliao basin experienced several deformation cycles related to the Neogene opening of the Sea of Japan (Gao and Cai, 1997; Ge et al., 2010) . These cycles consisted of alternating compressive, tensional, and shear stress fields that moved the Songliao basin westward and caused folding and uplift in the western part of the basin (Song, 1997 Figure 3 ). Note structural modifications in the stratigraphic units described in this study. CDP = common depth point number; K 1 q = Quantou Formation, Lower Cretaceous; K 2 m = Mingshui Formation, Upper Cretaceous; K 2 n 1 = the first member of Nenjiang Formation, Upper Cretaceous; K 2 n 2 = the second member of Nenjiang Formation, Upper Cretaceous; K 2 n 3+4 = the third and fourth member of Nenjiang Formation, Upper Cretaceous; K 2 qn = Qingshankou Formation, Upper Cretaceous; K 2 s = Sifangtai Formation, Upper Cretaceous; K 2 y 1 = the first member of Yaojia Formation, Upper Cretaceous; K 2 y 2+3 = the second and third member of Yaojia Formation, Upper Cretaceous. Tang, 2015) . Several unconformities found in these strata indicate multiple episodes of basin uplift and subsidence ( Figure 6 , cross section V) (Li et al., 1987; Ge et al., 2010) . Older faults stratigraphically affecting the lower part of the section were reactivated and connected with structures affecting shallower layers. Folds within older strata also indicate an additional phase of deformation. The regional structural dip of strata shown in Figure 6 , cross section V, also increased. By the end of the Neogene, the structure of the western slope resembles its present form.
SEDIMENTARY FACIES Sedimentary Facies Type
Sedimentary facies types of the Qingshankou, Yaojia, and Nenjiang Formations were determined based on SP, GR, and RT well logs, as well as lithologic data (sample cutting and core) and regional depositional setting.
Delta Plain
Drill cores from the western boundary region of the study area included variegated sandstone and gray, silty mudstone. The sandstone layers consist primarily of light gray, pebbly sandstone and fine-grained sandstone. They typically occur in abrupt contact with interstratified gray mudstone. Upward-fining bedding is common within the sand body. Well log SP, GR, and RT data show that most of these layers have a high-amplitude, box-or bell-shaped response ( Figure 7A ). The interstratified gray silty mudstones commonly contain carbonaceous phytoclasts and have lower-amplitude well log responses. These layers are interpreted as distributary channel sands and flood plain deposits.
Delta Front
Most drilling wells in the study area contain prominent sedimentary sequences reflecting a delta front environment. This environment includes subaqueous distributary channels, distributary mouth bars, distributary bay deposits, and distal bars. Lithologies associated with subaqueous distributary channels are dominated by well-sorted, well-rounded, fine-grained gray sandstone and siltstone. Most channel sand bodies occur as an upward-fining sequence in sharp contact with underlying mudstones. Well logs show intermediate-amplitude, bell-shaped responses in SP and RT data ( Figure 7B ). Most distributary mouth bar sands and distal bar sands exhibit upward coarsening trends and more gradual contacts with surrounding dark mudstone. The SP well log responses are characterized by medium, low-amplitude, funnel or finger motifs ( Figure 7C, D) . Distributary bay sediments consist primarily of gray mudstone and silty mudstone and commonly contain some siltstone lamina. Root casts and organic debris are common. Resistivity logs generally display low-amplitude, dentate-shaped curves.
Shallow Lake Shallow lake deposits (also referred to as prodelta subfacies in the study area) include mud bank, offshore bar, and distal bar deposits. Lithologies for this environment consist of thick, dark gray mudstone; thin siltstone; and argillaceous mudstone. Well logs show characteristic shale SP baselines and occasional lowamplitude finger and funnel motifs ( Figure 7E ). Some wells in the southeast region of the study area include coquina shoal deposition. The marl layers commonly contain abundant bioclastic material including shells, ostracods, and fish fossils and occasional thin siltstone lamina ( Figure 7F ). The SP logging curve displays low-amplitude, finger-shaped response, whereas RT log curves show a high-amplitude response.
Sedimentary Facies Distribution
Regional depositional patterns indicate that sediments derived mainly from northwestern and western regions ( Figure 5 ). To define sedimentary facies and sand body characteristics at higher resolution, we analyzed each exploratory well's stratigraphic and sedimentary facies characteristics and compared them with those of other wells located along a given profile (Figures 8, 9 ). During the Cenomanian, Turonian, Coniacian, and Santonian, two northerly source areas supplied sediment into the western slope study area, flowing from northwest to southeast and northeast to southwest. One source area formed a delta lobe with a northwest-southeast (lengthwise) axis that extended over a large area in the northern part of study area. Distributary channel sand bodies decreased in size and number from east to west across this lobe, indicating that deltaic deposition represents only the western part of this delta lobe (Figures 8, 10) . The other sediment source area fed the eastern part of the western slope deposition from a northeast to southwest direction. Sediments in this system reflect distal deposits along the delta front and include the distal bar.
The westerly sediment supply was derived from western eroded zones of the Songliao basin. Sediment from these regions formed a series of delta complexes distributed along the edge of the western slope (Figure 8 ). The sandy units of these deposits commonly contain pebbles and exhibit medium to poor sorting and rounding. Interdistributary mudstones contain a silt fraction and range in color from gray to green to brownish red. Sharp lithologic contacts are common. Lithologic features and sedimentary sequences are in sharp contrast to those observed in sedimentary sections representing prograding deltas from the north. Most of the westerly deltas prograded only a short distance eastward. The only extensive deltaic progradation occurs in the south of the study area (Figure 8) .
Among the various Cenomanian to Turonian delta lobes are large coquina shoals sometimes developed in shallow lacustrine zones. The sediments also contained abundant shell, fish, and ostracod fossils.
During the early Campanian, lacustrine environments show evidence of further deepening related to basin subsidence. Lithologies of these units primarily include dark mudstones with occasional siltstone and very fine-grained sandstone layers (Figures 10, 11) . Most of the western slope represented a lacustrine environment of shallow to medium water depth. The only sedimentary contribution to the study area during this time appears to have been a delta lobe lying to the northeast (Figure 9 ).
RESERVOIR SAND BODIES
Sedimentary facies studies show that the primary reservoir sand bodies are the subaqueous distributary channel sands, distributary mouth bar sands, and distal bar sands in the delta front depositional zone, along with offshore bar sands in the shallow lacustrine zone. Drilling data reveal that most of these sands occur as thin, singular layers. The thickness of single-layer sands ranges from 1 to 7 m (3 to 23 ft). These sands along with mudstone layers are commonly vertically interbedded (Figure 12 ). The total number of sandy layers and their net thickness are relatively uniform from well to well. The comprehensive analysis of sand bodies 
38
The Hydrocarbon Trap Distribution Patterns of the Simple Dip Area 
Sand Bodies in the Qingshankou and Yaojia Formations
The lateral tilt of north delta lobes corresponds to the basin's overall slope angle. Along the western edge of the delta lobe, most distributary channel and distributary mouth bar sand bodies pinch out up-dip relative to the west-southwest ( Figure 13A , facies I).
In the middle region of the delta lobe, the sand bodies commonly have a large single-layer thickness and cover an extensive lateral area. These connect to each other and share a thick volume of sand ( Figures  10, 13A, facies III) . Around the peripheral region of the delta front, sand bodies commonly occur as lensshaped distal bars ( Figure 13A , facies II).
In the central region of the study area, shallow lacustrine sands exhibit fine-grained lithologies and occur as thin singular layers. The thickness of these single layers prevents high-resolution seismic imaging. Seismic inversion profiles show layers as laterally continuous groups of features. In deformed areas of the basin, sand layers form anticlines and faulted anticlinal traps ( Figure 13B , C, facies V). In the homoclinal region, sand bodies occur as lens-shaped features ( Figure 13B, C, facies IV) .
In southerly and westerly regions of the basin, the course of braided river deltas approximates that of the overall basin slope. The connection between distributary channel sand bodies and the basin edge precludes good sealing conditions. Some sand bodies above and below the unconformity surface, however, exhibit onlapping relationships and erosional features ( Figure   Figure 10 . Multiwell sedimentary facies correlation profile across the aa9 transect in Figure 8 . GR = natural gamma ray logging curves; K 2 n 1 = the first member of Nenjiang Formation, Upper Cretaceous; K 2 qn 2+3 = the second and third member of Qingshankou Formation, Upper Cretaceous; K 2 y 2+3 = the second and third member of Yaojia Formation, Upper Cretaceous; RT = true formation resistivity logging curves; SP = spontaneous potential logging curves.
13B, C, facies VI, VII). In some cases, the unconformity seals these sand bodies, thus forming a functional stratigraphic trap. Statistical analysis of these singlelayer sand bodies revealed an average thickness of 1 to 5 m (3 to 16 ft) from the western source region. Sandbodies from the northern source region had an average thickness of 3-7 m (10-23 ft). The western sourced area exhibited more frequent sand and mud interbeds.
Sand Bodies in the Lowermost Nenjiang Formation
Sand bodies within the Nenjiang Formation do not consistently show good reservoir quality. Most offshore bar sands occurs as thin layers of limited lateral extent. The sand bodies occur as lens-shaped features within thick mudstone layers ( Figure 13A , B, facies IV) Figure 12 . Multiwell sedimentary facies correlation profile across the cc9 transect in Figure 8 . K 2 n 1 = the first member of Nenjiang Formation, Upper Cretaceous; K 2 qn 2+3 = the second and third member of Qingshankou Formation, Upper Cretaceous; K 2 y 2+3 = the second and third member of Yaojia Formation, Upper Cretaceous; RT = true formation resistivity logging curves; SP = spontaneous potential logging curves. 
HYDROCARBON TRAPS
Analysis of the reservoir distribution and western slope structural evolution elucidates the formation and distribution of several different types of hydrocarbon traps. We then infer trap efficiency and distribution based on statistical frequency of oil and gas deposits in the western slope area.
Trap Type and Distribution

Lithologic Trap
Lithologic, up-dip wedge-out traps and lenticular sandstone traps are the two primary types of lithologic traps found in the study area. The formation of up-dip wedge-out lithologic traps depends on two key factors. First, these traps require a sufficiently high number of subaqueous distributary channel sand bodies along the frontal zone of the delta lobe as well as the lateral margin zone. Second, these sand bodies have been inclined in the slope development process. Updip wedge-out lithologic traps form because of the intersection of the up-dip wedge-out edge and the structural depth contour (Figure 14) . These traps occur primarily along the lateral margins of north delta lobes and are the main traps of Tangchi oil field (Figure 3) . The sandstone lenticular traps form when offshore bar and distal bar sands are surrounded by impermeable strata (Figure 14) . They occur in swaths surrounding the frontal regions of delta lobes. Their scale and orientation depend on the distribution of their sedimentary facies zone. Subsequent tectonic movement led to a slight increase in the closure of traps, but trap properties were preserved.
Stratigraphic Unconformity Trap
The traps correlate with unconformable surfaces between the Qingshankou and Yaojia Formations. The traps developed beneath the unconformity within highstand systems tracts and along unconformities in marginal areas of the basin. Tectonic erosion truncated reservoirs to varying degrees, and subsequent deposition contributed an overlying impermeable mudstone cap or trap. These factors affect only the top of the Qingshankou Formation (Figure 14) . The supraunconformity traps developed primarily in transgressive system tracts of the Yaojia Formation. The sand Figure 13 . Wave impedance inversion profiles showing main reservoir sand bodies and their distribution. Cross-section transect position is shown in Figure 8 ; (A) represents the wave impedance inversion characteristic of simple dip in the north, (B) represents the fold in the central, and (C) represents the simple dip in the southeast. The red and yellow shaded areas have higher impedance, indicating reservoir sand bodies. Combining well control and the impedance data enables the following facies interpretation: facies I is the updip pitchout of subaqueous distributary channel sands; facies II is lenticular distal bar sands, sheet sands, and distributary mouth bar sands; facies III is interconnected, superimposed distributary channel sands and distributary mouth bar sands; facies IV is lenticular offshore bar sands and sheet sands; facies V is the sands (flexural fold); facies VI is the sands (overlap on the unconformity surface); and facies VII is the toplap sands and the eroded sands. K 2 n 1 = the first member of Nenjiang Formation, Upper Cretaceous; K 2 qn 1 = the first member of Qingshankou Formation, Upper Cretaceous; K 2 qn 2+3 = the second and third member of Qingshankou Formation, Upper Cretaceous; K 2 y = Yaojia Formation, Upper Cretaceous.
bodies directly overlapped the unconformity and were then sealed by overlying impermeable mudstone.
Structural Traps
Structural traps include faulted anticlines, gentle anticlines, and fault nose traps. These formed through compressive deformation of homoclinal strata during the late Campanian (Figure 6, IV) . Faulted anticline and fault nose traps occur primarily in the Alaxin area (Figure 3) . The gentle anticlines occur primarily in the Dongtumo area. These traps commonly occur as small-scale features and have a limited distribution.
Combination Traps
Faults function as conduits during stages of tectonic movement and function as seals with the cessation of tectonic activity (Lv and Wang, 2004; Fu et al., 2006; Zhou et al., 2008) . Combination traps are influenced by deformation and lithology. This trap type specifically requires lithologic wedge-out, structural dip, and faults ( Figure 14) . Combination traps typically involve faulted and folded lenticular distal bar, offshore bar, and layered distributary channel sand bodies. These traps only occur in the structural fold zone of the study area.
Oil and Gas Accumulation Characteristics
Regional geologic studies show that the dark organicrich oil shale beds in the lowermost members of the Qingshankou and Nenjiang Formations are the main hydrocarbon source rocks in the Songliao basin. The hydrocarbons were derived from these source rocks located within central depression belts and then migrated to the western slope area through sands and along faults to where they were selectively trapped (Du et al., 2005; Fu et al., 2006) . The Qingshankou and Yaojia Formations have statistically similar hydrocarbon distribution characteristics ( Figure 15A, B) . Oil reservoirs are more common than gas reservoirs. Oilbearing zones occur primarily in the Tangchi, Alaxin, Pingyang, and Dongtumo areas. Gas reservoirs are the dominant hydrocarbon deposits within the lowermost member of the Nenjiang Formation however, and occur primarily in the Alaxin and Pingyang areas ( Figure 15C ).
Reservoirs in the Tangchi area consist primarily of distributary channel and distributary mouth bar sand bodies. Hydrocarbons accumulated in up-dip wedgeout traps and stratigraphic unconformity traps along the western margins of delta lobes (Figures 14, 15) . Sand bodies within the central and eastern part of delta lobes have greater thickness and better continuity than those of western margins. Most of these sandstones are water-saturated and served as hydrocarbon migration pathways instead of traps, given the eastward regional dip. The Alaxin area is located in a structural fold belt. Reservoir rocks in the Qingshankou, Yaojia, and Nenjiang Formations are similar, as are the structural and/or combination trap types. The reservoirs consist primarily of offshore bar sands and distal bar sands. Because they lie along the main pathway of hydrocarbon migration (Fu et al., 2005; Wang and Gao, 2006) , they easily capture hydrocarbons, forming oil fields with gas caps. The reservoirs consist of numerous thin, oil-bearing strata.
The Pingyang area has smaller and less productive oil reservoirs than the Tangchi and Alaxin areas. The sand bodies of Qingshankou and Yaojia Formations originate from the westerly source and are continuous into the western margin of the basin. Hence, most of the distributary channel sand bodies lack good seal conditions and did not trap westward migrating oil and gas. The outer and updip edges of delta lobes host only small-scale lenticular gas reservoirs. Most of these consist of thin distal bar and offshore bar sand bodies. In the lowermost member of the Nenjiang Formation, the reservoir sand body is dominated by thin, offshore bar sand deposited in a shallow lacustrine environment. This unit hosts a small number of stratigraphic-lithologic and structural lithology-fault combination gas reservoirs.
The Dongtumo area is located in the southeastern region of the western slope. It has been a monocline throughout the entire history of the western slope. The most common reservoirs in this area consist of delta front distal bar sands. The area therefore hosts only a small number of thin, stratigraphic-lithologic oil reservoir traps and no structural traps.
In the area along the extreme western margin of the slope, the sand bodies occur at shallow depths and, therefore, lack good sealing conditions. No oil or gas production was found in this area.
DISCUSSION
The salient features of reservoir sand bodies in the Qingshankou and Yaojia Formations include their singular and thin vertical expression and their extensive planar distribution. We think that these characteristics relate to the gentle homoclinal depositional setting, which is controlled by the stable tectonic setting and the slow subsidence rates. From the Cenomanian to Campanian of the Late Cretaceous, the Songliao basin thermally subsided and developed a large, gentle homoclinal slope. The gentle slope allowed for frequent lateral migration of the distributary channel, as reflected in the high frequency of thin, interbedded sandstone and mudstone layers. The lacustrine environments adjacent to the gentle slope provided an ecologically diverse environment for generation of bioclastic material. The associated variation in sedimentary facies explains the salient features of western slope sand bodies listed above.
The main oil and gas bearing areas of the western slope are shown in the A, B, C, and D regions of Figure 16 . The distribution of oil and gas deposits demonstrates that spatial shifts in delta lobes are the key factor influencing the distribution of traps. During later basin subsidence phases, the delta lobes fed by northerly source regions were tilted gently to the southeast. Sand bodies along the western region of delta lobes then became updip wedge-out stratigraphic-lithologic traps found in the A and B regions. The delta lobes were folded or cut by faults in the Alaxin area (the C region), causing the formation of structural and combination traps in this region. In contrast, subaqueous distributary channel sands directly connected to the western source region lacked seals. Migrating oil and gas could only be captured by offshore bar deposits in the outer edge region of delta lobes. Thus, lenticular shaped oil reservoirs prevail in region D.
Oil and gas reached the western edge of the western slope, which lacked significant faulting, indicating that the sand bodies served as both the primary reservoirs and the hydrocarbon migration pathway. The northern delta provenance system is a large-scale feature. Hydrocarbon reservoirs are distributed only in the west part of the delta sedimentary system. In the middle and eastern parts of the delta lobe, sand bodies occur as thick, laterally continuous features. These are important factors in hydrocarbon migration but presently function as aquifers. In the southern region of the study area, thin lacustrine sand bodies, having lower porosity and permeability than those of delta sand bodies, serve as the primary migration pathways. These sand bodies provide the only route by which hydrocarbons could reach the lithologic traps of the western delta sedimentary system (Figure 16, region D) . These factors created the numerous gas reservoirs in the southern area. 
